Objectives-To determine whether the presence and severity of post-traumatic vomiting can predict the risk of a skull vault fracture in adults and children. Methods-Data were analysed relating to a consecutive series of 5416 patients including children who presented to an emergency service in the United Kingdom during a 1 year study period with a principal diagnosis of head injury. Characteristics studied were age, sex, speed of impact, level of consciousness on arrival, incidence of skull fracture, and the presence and severity of post-traumatic vomiting. Results-The overall incidence of posttraumatic vomiting was 7% in adults and 12% in children. In patients with a skull fracture the incidence of post-traumatic vomiting was 28% in adults and 33% in children. Post-traumatic vomiting was associated with a fourfold increase in the relative risk for a skull fracture. Nausea alone did not increase the risk of a skull fracture and multiple episodes of vomiting were no more significant than a single episode. In patients who were fully alert at presentation, post-traumatic vomiting was associated with a twofold increase in relative risk for a skull fracture. Conclusion-These results support the incorporation of enquiry about vomiting into the guidelines for skull radiography.
The average emergency department in the United Kingdom receives about 5000 patients with a head injury each year. More than eight out of 10 will be classified as mild, scoring 13 or more points on the Glasgow coma scale on first assessment.
1 In this population it is well established that the presence of a skull fracture is associated with a 200-fold increase for the risk of development of an extradural haematoma, a condition with an outcome that is significantly improved by early detection and treatment. 2 The preferred investigation for the detection of a haematoma is CT. In the United Kingdom this is usually reserved for patients with a depressed level of consciousness, focal neurological signs, or a skull fracture. Thus skull radiography remains the principal triage tool for determining which patients should be admitted to hospital for observation or referred for CT examination. 3 Not all patients with mild head injury have a skull radiograph. Patient selection is based on guidelines, written by a group of neurosurgeons, and available in most United Kingdom emergency departments. 4 Skull fracture in the presence of nausea or vomiting: published research.
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Ando et al (1992)   9   0  1  3  5  7  9  11  13 Savastio et al (1991) 7 Chan et al (1990) 18 Hugenholtz et al (1987) 17 Gorman (1987) 8 Brookes et al (1986) 10 Jones and Jeffries (1981) 14 Swann et al (1980) 11 Boulis et al (1978) 13 Bell and Loop (1971) 12 Although evidence based, they are neither entirely sensitive nor specific. Post-traumatic vomiting has been reported as a feature of missed intracranial haematoma 5 6 but there is no clear evidence that it is an independent risk factor. [7] [8] [9] [10] [11] [12] [13] [14] Some studies do regard vomiting as evidence of possible intracranial injury and link it with headache as an indication for admission and extended observation. 15 16 Others have concluded that vomiting confers no additional risk in patients presenting with normal consciousness. 17 18 The purpose of the present investigation was to determine whether the presence and severity of post-traumatic vomiting can predict the risk of a skull vault fracture in adults and children. Demonstration of an adequate specificity and sensitivity to predict fracture in alert patients would indicate that an enquiry about vomiting should be incorporated into the guidelines for skull radiography after a head injury.
Patients and methods
A computer aided (Medline) search of the relevant literature published between 1986 and 1996 was undertaken. A hand search for similar studies published between 1970 and 1985 was also undertaken using Index Medicus. Studies were included for analysis when incidence rates for vomiting in patient groups with and without skull fracture were stated or could be calculated from the data provided. Relative risk with 95% confidence intervals (95% CIs) for skull fracture in the presence of vomiting were calculated for all studies with usable data published during the past 26 years.
An analysis was also undertaken of the presenting characteristics of a consecutive series of 5416 patients with head injury who attended the emergency department in Salford over a 1 year period. An assessment was made of age, sex, the speed of the impact categorised as high, medium, or low, level of consciousness on arrival, whether the patient had sustained any post-traumatic amnesia, the presence of nausea, the frequency and severity of any vomiting, and the presence of a skull fracture. Other data from this series have been reported previously. 19 Follow up data on reattendances, complications, and deaths were obtained by reviewing emergency department records and admissions to neurosurgical and paediatric units serving the Salford district. The national records of the Registrar General on deaths relating to cranial trauma in Salford were examined for the period of the study and for a further 12 months. In this way as complete a record as possible was obtained on the outcome of all patients up to 1 year after presentation.
Fracture incidence rates were computed according to the presenting characteristics. Because of the small incidence of skull fractures, relative risks and their 95% CIs were estimated from odds ratios computed using standard multiple logistic regression methods. The presence or absence of a skull fracture was used as the dependent variable. Separate analyses were undertaken for adults and children. All computations were carried out using the SPSS/PC and CIA computer programs. 
Results
The figure contains a summary of previously published studies relating post-traumatic vomiting with relative risk for a skull fracture. [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] In the present study data were collected on 5416 patients of whom 2581 (48%) were children under the age of 16. One hundred and six (2%) patients had a skull fracture; severity of post-traumatic vomiting was not recorded for eight of these patients. The overall incidence of vomiting was 7% in adults and 12% in children. Table 1 shows that in patients with a skull fracture the incidence of vomiting was 28% (95% CI 16%-48%) in adults and 33% (20%-48%) in children. Sensitivity and specificity levels for vomiting as a predictor of skull fracture were 28.0% and 93.3% respectively for adults and 33.3% and 88.2% respectively for children.
Vomiting was associated with a roughly fourfold increase in the risk of skull fracture (table  2) . Fracture rates were independent of sex and there was no diVerence between adults and children. Altered consciousness at presentation and high or medium velocity impacts were also associated with an increased relative risk for a skull fracture. Table 3 shows the overall relation between skull fracture and the severity of vomiting and by presenting characteristics. Nausea alone did not increase the risk of a skull fracture and multiple episodes of vomiting were no more significant than a single episode. The correlation between vomiting and skull fracture was significant for both adults and children and for both sexes.
The presence of one or more episodes of vomiting increased the relative risk of a skull fracture irrespective of the presence or absence of post-traumatic amnesia, altered consciousness on arrival, or the speed of the impact.
Discussion
Earlier studies have shown wide variations in the estimation of an association between posttraumatic vomiting and skull fracture (figure). The most likely explanation for this is that different populations were being examined. Many reports are based on fairly small numbers of patients, 9 16 some do not distinguish between adults and children and others do not diVerentiate between diVerent grades of severity of brain injury. Symptoms of nausea, vomiting, and headache are often not clearly distinguished.
We have shown that the occurrence of vomiting after brain injury is independently associated with an increased incidence of skull fracture in alert patients. There was no significant diVerence between adults and children. Although the incidence of vomiting was higher in children and the results support the popular contention that the threshold for posttraumatic vomiting is lower in children, vomiting did indicate a significantly increased risk of fracture. Multiple episodes of vomiting were no more predictive than a single episode although the 95% CIs were wide reflecting fewer patients in this group.
The value of post-traumatic vomiting as an independent risk factor can be assessed by considering the relative risk of skull fracture in alert patients. Among patients with a coma score in the range of 13-15 an episode of vomiting was associated with a greater than twofold increase in relative risk for a skull fracture. The 95% CIs indicate a trend not quite reaching significance. Post-traumatic vomiting predicted the risk of a skull fracture irrespective of the level of consciousness, the speed of the impact, or the presence of post-traumatic amnesia.
The precise mechanism of post-traumatic vomiting is unknown but it is likely that contact forces (impact) are less important than inertial forces (impulse) in its aetiology. Whereas symptoms such as loss of consciousness and post-traumatic vomiting are induced by head motion, skull fracture depends on contact forces. In most injuries the two phenomena occur together. 21 Forces suYcient to cause linear skull fracture will also set the head into motion causing shearing and compressive strain within the brain due to diVerential rates of acceleration of the diVerent components of the brain and neuraxis. 21 Brain deformations are greatest some distance from the site of impact and so shearing forces are maximal in the brain stem whenever the head moves in the sagittal plane. 22 This may lead to transient changes in the brain stem causing stimulation of the vomiting centre in the reticular formation of the lateral medulla. The exact pathways have yet to be identified but it is known that brain stem auditory evoked potentials are markedly diVerent in children with mild brain injury with vomiting compared with those without. 23 Post-traumatic vomiting was more common after high velocity impacts in which the conscious level was altered and when posttraumatic amnesia was present. The same inertial forces that induce vomiting may have been disrupting the neural connections between the cortex and subcortical region on which normal consciousness depends. Therefore posttraumatic vomiting may be regarded as testimony to the violence of the cranial trauma.
These results indicate that a question about vomiting in the guidelines for skull radiography would increase their sensitivity. This should lead to a reduction in the mortality and morbidity which can occur when definitive treatment for intracranial haematoma is delayed because of failure to identify a skull fracture and a consequent failure to admit the patient for observation.
